Summary. The primary sex-ratio of the PDE mouse, assessed by chromosomal analysis of embryos recovered after superovulation, was not significantly different from 100, nor was it significantly affected by delayed fertilization. The sex-ratio was assessed after implantation and at full term. There was no evidence of sex-selective mortality operating at any stage of gestation.
INTRODUCTION
This paper is concerned with the sex-ratio of vertebrate species in which the male is heterogametic. The sex-ratio at conception (primary sex-ratio) may be affected by differences in the mortality, transport or fertilizing powers of the X-and Y-bearing gametes. There is evidence to suggest that some differentia¬ tion of these two sorts of gametes does occur (Weir, 1962) , even though there is no sign of RNA synthesis on the sex chromosomes after the first meiotic division (Keynes, 1967) .
Before the chromosomal association with sex determination was discovered, Thury (1863) suggested that the interval between ovulation and fertilization determines the sex of the zygote, eggs being potentially female when ovulated and becoming potentially male as they age. No-one today would claim that the age of the egg is the only factor determining sex, but there is perennial support for the hypothesis that the age of the egg has some influence on the sex of the zygote. Pflüger (1882) found that delayed fertilization of amphibian eggs produced an excess of male offspring but these excess 'males' were later shown to be sex-reversed females (Witschi, 1952) . Parkes (1926) reviewed other early work on this topic and concluded that there was no convincing evidence for the hypothesis. Hart & Moody (1949) claimed that delayed fertilization altered the sex-ratio in rats although Crew (1927) and Cooley & Slonaker (1925) had found no evidence for this.
There are no data to suggest the existence of a mechanism on the surface of the egg which discriminates between X-and Y-bearing gametes, and which could be affected by ageing. Eggs are, however, known to alter in various ways as they age: they become less fertile, sometimes they fragment, the block to polyspermy is reduced in efficiency (Hunter, 1967) , the second meiotic spindle may break down (Austin, 1967) and in some species a mucous coat is formed outside the egg (Austin, 1965) . If ageing eggs are fertilized, the second polar body may be retained (Thibault, 1959) and various chromosomal anomalies may be induced (Witschi & Laguens, 1963) .
The present investigation was carried out to see if delayed fertilization has any effect on the primary sex-ratio of the mouse. Chromosomal anomalies were studied in the same animals and will be reported in a separate com¬ munication. The sex-ratio was estimated at various stages throughout gestation since it may be modified by sex-selective mortality or by sex-reversal.
MATERIALS AND METHODS
All the experiments reported here concern mice belonging to an albino strain (PDE) which has been maintained as a closed colony for the past 10 years. Virgin female mice, 2 to 3 months old, were mated to older males of proven fertility. Superovulation was induced by an injection of 3 i.u. pmsg followed 2 days later by an injection of 3 i.u. hcg. Ovulation occurs between 11 and 13 hr after the injection of hcg (Edwards & Gates, 1957) . Accurate timing is essential for studies on delayed fertilization.
A preliminary experiment was undertaken to ensure that superovulation does not affect the sex-ratio. Twenty female mice were allowed to ovulate and mate spontaneously and the ensuing litters were killed at birth and sexed by inspection of the reproductive system. At least 1 week post partum, each female was induced to superovulate and was re-mated with the same stud male. The ensuing litters were killed and sexed at birth and the whole pro¬ cedure was then repeated. Thus, ideally, four litters from each set of parents (two derived from natural mating and two derived from superovulation) were available for analysis. A few females, however, failed to mate after superovulation.
The method of superovulation was employed in all the following experiments on the sex-ratio. In control groups, mice were mated at the time of ovulation.
Two-thirds of the females were left with the males overnight on the assumption that they would mate at the time of ovulation, and one third of the females were not allowed to mate except between 9 and 12 hr after the injection of hcg to ensure that mating and ovulation were approximately synchronous. In the delayed fertilization groups, mice were not allowed to mate except between 18 and 22 hr after the injection of hcg (5 to 11 hr after superovulation). Young were recovered at various stages of gestation and the numbers of corpora lutea, and live and dead young recorded.
3-f to 41 days after superovulation Embryos were recovered from the reproductive tract and chromosome preparations studied as described in a previous communication (Vickers, 1967a) .
9^t o ll1 days after superovulation Chromosome preparations were made from the whole foetus or from foetal liver by the method of Ford & Woollam (1963) . In most cases, a preparation of the amnion was made for sex chromatin studies (Vickers, 1967b (Vickers, 1967a, b) . Table 1 shows the recovery rate, mortality and sex-ratio of young mice at various stages of gestation.
There were discrepancies between the numbers of live and dead young and the numbers of corpora lutea in the ovaries. This may have been the result of pre-implantation mortality or of incomplete recovery of embryos, but more probably was the result of 'atretic' corpora lutea produced by luteinization of follicles without ovulation (Edwards, Wilson & Fowler, 1963) . The significance of the difference between the sex-ratios was tested by means of the 2 test (Table 2) ; none of the sex-ratios obtained differed significantly from a hypothetical sex-ratio of 100. There was, however, a significant difference between the sex-ratios of control and delayed fertilization groups 17£ days after ovulation. The effect was found to be unilateral, the difference being present in the left uterine horn and absent from the right uterine horn (Table 3) . None of the sex-ratios found earlier in gestation showed any signific¬ ant difference between right and left uterine horns. (Stich & Hsu, 1960) . Sasaki (1961) pointed out the variation in contraction of individual chromosomes after exposure to colchicine. The inaccuracy this variation introduces, estimated from a study of 300 metaphases derived from mouse foetuses, was that one in twenty metaphases gave a false picture of the sex of the foetus. It may be inferred that one in twenty of the embryos with only one metaphase 'sexed' will have been wrongly classified. Such embryos represent 40 % of the total and therefore 2 % of all the embryos will have been wrongly classified. Embryos and foetuses with more than one metaphase examined are unlikely to have been wrongly 'sexed'. At least twenty metaphases were studied from each of the 9 -to 11^-day-old foetuses and the sex of many of these foetuses was established independently by a study of sex chromatin. There were no discrepancies between the two methods of sexing.
The morphological method of sexing foetuses is theoretically less reliable than the chromosomal method. This is important in view of Pfliiger's finding of morphological sex-reversal following delayed fertilization of amphibian eggs (1882). In practice, however, the sex chromatin patterns of thirty-one foetuses aged 171 days agreed completely with the morphological sex of the same foetuses.
Most earlier workers estimated a high primary sex-ratio in various species (Parkes, 1926) , but direct measurements of pre-implantation sex-ratios have not always confirmed these estimates. The pig (McFeely, 1967) , the rabbit (Melander, 1962; Edwards & Gardner, 1967) and the mouse (present observa¬ tions) have primary sex-ratios of approximately 100. The only exception so far reported is the golden hamster, which has a primary sex-ratio of 180 (Sundell, 1962) .
The primary sex-ratio of the mouse has been estimated as 100 by the use of litters with no prenatal mortality (MacDowell & Lord, 1925) . This method of estimation is open to criticism as such litters may not be representative of the whole population. The present observations do, however, support the finding of a primary sex-ratio of 100 in the mouse. This finding implies that there is no selective mortality, transport or fertilizing power associated with the X-or the Y-bearing spermatozoa (although it is conceivable that there are two selective mechanisms operating against each other).
The precise interval between ovulation and fertilization depends on the time of ovulation, the time of mating and the interval between mating and fertiliza¬ tion. The time of ovulation was controlled by injection of hcg. In the delayed groups, the time of mating was restricted to between 5 and 11 hr after ovulation but the interval between mating and fertilization could not be controlled. Spermatozoa reach the site of fertilization 15 min after ejaculation but probably require some time for capacitation. Rat spermatozoa need at least 2 hr (Austin, 1965) . The minimum delay between ovulation and fertilization was probably 7 hr and the longest delay, 13 hr. A still further delay occurred if spermatozoa did not fertilize immediately they were capacitated. In other species, delayed fertilization resulted in a decreased incidence of fertilization (Hunter, 1967) but the proportion of degenerating eggs found here is only slightly greater than that found in the control group.
This report shows that a delay of 7 to 13 hr between ovulation and fertiliza¬ tion has no significant effect on the sex-ratio of 3-to 4-day-old mouse embryos, and therefore these results provide no support for the hypothesis that ageing of an egg affects the chance of fertilization by an X-or a Y-bearing sperma¬ tozoon. The significant difference between the sex-ratios of control and delayed fertilization groups 17^days after ovulation is rather surprising and the unilateral effect remains unexplained (Table 3 ). It seems possible that this significant result arose by chance.
Study of the sex-ratios found here shows no evidence of sex-selective mortality at any stage of gestation, and these results provide no support for theories concerning the selective mortality of female embryos (Kirby, McWhirter, Teitelbaum & Darlington, 1967) , or of male embryos (Renkonen, Mäkelä & Lehtovaara, 1962) .
